Activating Rac by Tuma, Rabiya S.
IN THIS ISSUE • THE JOURNAL OF CELL BIOLOGY 609
M
uscle activity is driven 
by spikes of calcium 
release. Weisleder 
et al. (page 639) ﬁ  nd that aged 
muscles, when compared with 
young muscles, have reduced 
Ca2+ release following stimula-
tion. The dampened response 
may be caused by a failure to 
maintain robust membranous 
compartments that can respond 
to an input with a single output.
Previous work from the 
group showed that Ca2+ sparks 
can be induced in skeletal muscle 
by osmotic shock and that the 
sparks resemble those produced 
during exercise. The group has 
now found that, compared with young tissue, aged 
muscle releases fewer of these Ca2+ sparks. The poor 
response may be a result of the poor state of the sarco-
plasmic reticulum (SR) network in aged ﬁ  bers. This 
network stores Ca2+ and releases it in response to 
incoming nerve signals, but in aged ﬁ  bers the SR was 
fragmented. Therefore, a signiﬁ   cant portion of the 
stored Ca2+ was unavailable for release during normal 
action potential–triggered skeletal muscle contraction.
Degradation of the SR may result from a lack of 
a synaptophysin protein, mitsugumin-29 (MG29), 
which the group found was expressed at low levels in 
aged relative to young muscles. Muscle from young 
mg29-null animals showed a disruption in membrane 
structure and a weak response to stimulation that was 
similar to that seen in aged muscle. Weisleder et al. 
speculate that the putative membrane fusion function of 
MG29 may help maintain the structure of the SR.
Activating Rac
T
he leading edge of a migrating cell is 
built up via one or more positive 
feedback loops. Kunisaki et al. (page 
647) present evidence for a feedback loop that is 
required for the greater localization, although 
not greater overall abundance, of the critical 
migration mediator phosphatidylinositol 3,4,5-
triphosphate (PIP3). The loop is driven by the 
newly identifi  ed Rac activator DOCK2.
Kunisaki et al. had earlier identifi  ed DOCK2 
as a regulator of lymphocyte migration. They now 
fi  nd that DOCK2 is also required for directed 
migration in neutrophils. DOCK2-defi  cient 
neutrophils migrated at almost half the speed of 
wild-type cells, and wandered rather than taking a 
straight path toward a chemoattractant. The lead-
ing edge in these cells was not as stable as that 
found in wild-type neutrophils.
In the presence of chemoattractant, DOCK2 
translocated to the neutrophil leading edge in a 
PI3K-dependent manner. Its presence there was 
necessary for the full activation of Rac (which 
drives actin polymerization) and accumulation 
of PIP3. Cells lacking DOCK2 still activated 
PI3K and thus produced high levels of PIP3, but 
without DOCK2 the PIP3 did not fi  nd its way to 
the leading edge.
A positive feedback loop is believed to 
maintain high PIP3 levels and Rac activity at the 
leading edge. The new results suggest that this 
loop regulates the localization of PIP3, not the 
activity of the PI3K that generates the PIP3.
Ordered adhesions
T
he plasma membrane of an adherent cell is most highly ordered 
where it binds to the extracellular matrix, report Gaus et al. on page 
725. This suggests that tiny raft-like domains may form into larger 
structures around these attachment sites.
Rafts have been controversial because much of the raft literature is 
based on in vitro isolation of detergent-resistant membranes, dubbed 
rafts. What this means in vivo has been less clear. Gaus et al. use an 
alternative, in vivo mechanism to measure the degree of order in a mem-
brane: the ﬂ   uorescent dye Laurdan. Its emission spectrum shifts to a 
longer wavelength when the dye is in less-ordered membranes that al-
low greater penetration of water molecules.
Caveolin-rich regions of endothelial cell membranes were highly 
ordered relative to the average value of the membranes as a whole, but 
the most highly ordered regions were at caveolin-rich focal adhesions 
(FAs). The caveolin at FA sites is known to be in its phosphorylated form 
(pYCav1), and the group showed that this phosphorylation is necessary to 
establish the highly ordered structure of FAs.
Detachment causes rapid internalization of some of these ordered 
domains. As these domains do a lot of signaling, the internalization may 
reduce the signaling that normally maintains attachment-dependent growth.
Aged muscles (bottom) fall apart and 
signal poorly.
Membrane regions rich in pYCav1 (left) are highly structured (right).
Aged muscle lacks sparks
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